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Rectangular Lining 


DIRECTION OF TBM ADVANCE 


۱ Key segment 
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Segments are numbered in accordance with their order of placement 
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Trapezoidal Lining 


DIRECTION OF TBM ADVANCE 


Key type segment Reverse key type segment 


Rhomboidal Lining 


DIRECTION OF TBM ADVANCE 
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Key type segment Reverse key type segment 


Segments are numbered in accordance with their order of placement 


CIRCUMFERENTIAL 
DOWEL SOCKET 


CIRCUMFERENTIAL 
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ALIGNMENT MARKER 


VACUUM LIFT 

SHEAR POCKET 

SEGMENT TYPE AND 

e IDENTIFICATION 
KERS 


EPDM GASKET GROOVES 
JOINT IDENTIFICATION 


RADIAL BOLT POCKET 


GROUTING SOCKET 


TUNNEL RING ASSEMBLY - ISO. VIEW 


NO SCALE 


Expanded Lining 


DIRECTION OF TBM ADVANCE 


Key segment 


Standard segment Counter segment 


Segments are numbered in accordance with their order of placement 


Expanded (Wedgeblock) Lining 
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Hexagonal (Honeycomb) Lining 
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roof segment 


construction process 


invert segment 


Hexagonal (Honeycomb) Lining 
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Tapered Linings 


= Taper can be applied to any lining geometry that 
allows rotation of rings 


= Limits need for packing between segments on 


curves Straight Curved 


Universal tapered ring Plan view 
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Joint Geometries 
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Materials 


= Reinforced Concrete 
= SFRC 


= Polypropylene Fibers (Fire resistance) 


= Resistance to Hydrogen Sulphide attack 
= Steel/SGI 


Typically require 
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Typically prefabricated welded cages 
Durability 


SFRC provides increased durability, simpler 
manufacturing and cost savings 


Surface Finish — Smooth, no exposed fibers 


Repairs — no corrosion protection required 


Polypropylene Fibers 
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Channel Tunnel 


Storebelt 


“Normal” Concrete With Polypropylene Fibers 
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HEAT HEAT 


1. Moisture moves away from heat 


front 
2. Vapour pressure increases as 2. Fibres melt at 160° C form 
heat front advances interconnecting passages for 


3. Vapour pressure > tensile vapour pressure to escape 


strength of concrete and 
explosive spalling occurs 
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Polymer Concrete 


Integral GRP liners 


Suitable for high load locations — eg openings. 


Steel — fabricated; Spheroidal Graphite Iron - 
cast | | | 


Fixings and Appurtenances 


EPDM/ Hydrophilic 
Gaskets 


Bolts and Bolt Inserts -ie i9 


Alignment Dowels 


Alignment Balls 
Guide Rods 


Lifting Sockets 


EPDM Gasket 


= Gaskets compressed against each 
other when lining is erected and 
provide sealing against water ingress 


= Design for range of segment offsets 


and gaps 
Triangle of gasket performance: 


Water tightness 


Ring Design 


= Continuum Analysis Model: 


= Bedded beam-spring 


= Distortion Ratio 


= Numerical Analysis 
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From Einstein & Full Slip No Slip 
Schwartz (1979) (no shear stress transmission) (no relative shear displacement) 
Compressibility ratio, یې‎ 7 ٨٣-۷ ( . ER'(1-v!) 
C* / Flexibility ratio, F* € kv) mv) 
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Segment Design — Manufacture and Handling 


— = Consider all load cases 
Mmm — from initial stripping of 


Mew ۱١١ ho 


the concrete form to 
erection in the tunnel 


Segment Design — Manufacture and Handling 


we Sap 


1. Segment is cast, and 2. Segment stripped from 
left in the form until the mold — design condition 
specified stripping depends on strength and 


strength is reached lifting device 


Segment Design — Manufacture and Handling 


3. Segments are then 4. Segments are 
rotated 180 degrees transported out to 
the stockpile yard 
using ٥ forklift or 

gantry crane. 


Segment Design — Manufacture and Handling 


5. Segments are 6. The segments 7. The erector on 
stacked are lifted onto the the TBM picks up 
train and the segment & 
transported into the rotates It into 
tunnel place. 
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J oint Design SAP2000 — 


= Consider the impacts of 
poor build — not all joint 
surface may be in 
contact 


* Design for bursting 
stresses (arrangement 
similar to a tensioned 
anchorage) 


* Consider hoop loads and 
thrust loads from the 
shove rams 


Plant Types 
Stationary 
Carousel 


Plant Location 
Jobsite 


Precast factory 


Molds 


Horizontal 


Vertical 


Carousel Plant 
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Carousel Plant 


Concrete 
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Vibration 
Internal pneumatic 
External pneumatic/electric 


Curing 
Steam 


Insulation 
Cloth 
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Annular Grouting 


= As TBM is advanced, void behind segment needs 
to be filled (overcut plus TBM skin thickness) 


= In soft ground, essential to fill void quickly and 
completely to minimize settlement, and support 
segments 


= In rock, need to support segments — but more 
difficult to grout 


= Tf shunt flows are present, need to pay attention 
to avoid wash out. 


= Secondary grouting to ensure all voids are full 
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width due to overcut wire brush 
and shield conicity 
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tail skin 1 

Segmental lining 

grout supply 
line 


sealing grease supply line present grout 
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Segment Damage 


S.H.P. Cavalaro et al / Tunnelling and Underground Space Technology xxx (2011) xxx-xxx 


Tu 


(a) Longitudinal cracks formation 


DE 0 


(b) Chipping of segment corner 


Fig. 1. Formation of longitudinal cracks and chipping of segment corner. 


Segment Damage 


around segment SH 
joint box 


Table 2. Classification of segment damage 
during construction (JSCE, 2005, p.17 


d^ ca ٣ ' 
damage 
1 ¡Crack in axial dir. = - 
>> 9 Hair crack at inner 
surface 
2 Crack in 
circumferential — 


dir. Appearance of 


3 |Chipping at non-visible crack 
segment corner 


/j 


4 Stripping around 

segment joint 
Deformation of rıb 
(steel segment) 


Stripping around 
ring joint 


Crack/ Stripping 
around ring joint 和 
box 
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Table 2. Classification of segment damage 1 ‚less than once within 20-30ring 
:more than once within 20-30ring | 


during construction (JSCE, 2005, p.17 


No. ¡Shield segment Figure 
damage 


I ¡Crack in axial dir. > 
2 [Crack in J au 一 
circumferential TT 
3 1 (5) © 0 (8) 40 


= Type of segment damage during construction 


3 [Chipping at 
segment corner Figure 1. Frequency of segment damage during 
construction (JSCE, 2005, p. 17) 


4 Stripping around 
segment joint 


Number of damage 


\ 


:excavation at curve 
:excavation at straight line 
للا‎ initial excavation at curve 


> ripping around (J :initial excavation at straight line 


ring joint 


6 |Crack/ Stripping 
around ring joint 
box 


Number of damage 


7 |Crack/ Stripping 


around segment £i . 
joint box IN Figure 2. Construction stage at segment damage 


appearance (JSCE, 2005, p.19) 
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MW/16/29 
Guidelines For Precast Segment Repair (Prior To Erection) 


* Edge Repair 
a. Sharp Edge b. Chamfered Edge 


RS 


c. At Corners 


«5 «5 
Repair with Cementitious 
A میں‎ | sm | sm | 
> 50 > 50 > 70 
Reject 
or rebar exposed | or rebar exposed | or rebar exposed 


May 2009 Materials & Workmanship Specification — Revision A9 
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* Recesses 


Composite 
Gasket 


(where applicable 


D with Cementitious 
DOR NN 


Reject | 


Note: All visible blowholes on glued surfaces to be filled with Cementitious Mortar 


+ Blowholes 


Table 3 - Guideline for Blowholes Repair 


De en 
Surface (mm) | Surface (mm) (mm) 


No repair < 2 wide 
Repair with Cementitious 
Mortar 


May 2009 Materials & Workmanship Specification — Revision A9 
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